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(57) Abstract: A method for providing a process 
model for a material in a manufacturing process 
(100). Tbe metbod includes the st^ of receiving 
stress and distortion information of the material 
firom a previous manufacturing process, determining 
updated stress and distortion infcnnadon of die 
iwat^ai ftom a process model for the present 
manufacturing process (100), the iqxlated stress and 
distortion information being a function of the stresses 
and distortions caused by the present manufacturing 
process (100) and die stresses and distortions firom 
the {Hevious manufacturing process, and providing 
the updated stress and distortion information of 
the material to a subsequent manufacturing process 
(100). 
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Description 

Method for Providing a Process Model for a Material in 

a Manufacturing Process 

5 

Technical Field 

This invention relates generally to a method 
for providing a model for a thermal process such as 
cutting or welding and, more particularly, to a method 
10 for providing a thermal process model incorporating 
the effects of upstream processes and providing 
results to dovmstream process^es. 

Background Art 

15 Thermal processes, such as cutting and 

welding of materials, are widely used in manufacturing 
environments. For example, large construction 
machinery, such as wheel loaders, track- type tractors, 
motor graders, and the like, incorporate many 

20 processes during their manufacture which involve 
cutting and welding of metals. 

The heat and other physical stresses that 
the materials encounter during these manufacturing 
processes have an adverse effect on the properties of 

25 the material, and create residual stresses, 

distortions, and the like. It is important to 
minimize the distortions which occur during the 
thermal manufacturing processes to maintain the 
structural integrity of the materials. 

30 A common method for determining and 

monitoring the effects of thermal processes is to 
simulate the process by use of a model. It as well 



mm 
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known to create models of welding and thermal cutting 
processes to monitor the stresses and distortions 
encoxintered by the material as the process is 
performed. 

5 However, there are several processes which 

take place during the manufacture of a product. For 
example, steel may be processed, the processed steel 
may be moved and stored, the steel may undergo shot 
blasting, thermal cutting of the steel may then occur 

10 to obtain smaller pieces of material, the pieces may 
be bent into desired shapes, pieces may be welded 
together, and the welded components may be machined in 
various ways. Each of these processes introduces 
stress and distortions. In addition, the stresses and 

15 distortions from one process, e.g., shot blasting, 
still exists during the next process, e.g., theirmal 
cutting. 

Models used at present are designed to 
determine the stresses and distortions which occur 

20 during one process only, i.e., the present process. 
It would be desirable to model the stresses and 
distortions during a process, and incorporate the 
stresses and distortions already encountered during 
other upstream processes. In addition, it would be 

25 desirable to provide the results of a process model to 
other downstream processes, which are then modeled to 
determine other stresses and distortions. 
Furthermore, it would be desirable to determine the 
overall stresses and distortions of a material based 

30 on the accumulation of stresses and distortions that 
are determined from models of individual processes. 
The present invention is directed ^o 
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overcoming one or more of the problems as set forth 
above . 

Disclosure of the Invention 
5 In one aspect of the present invention a 

method for providing a process model for a material in 
a manufacturing process is disclosed. The method 
includes the steps of receiving stress and distortion 
information of the material from a previous 

10 manufacturing process, determining updated stress and 
distortion information of the material from a process 
model for the present manufacturing process, the 
updated stress and distortion information being a 
function of the stresses and distortions caused by the 

15 present manufacturing process and the stresses and 
distortions from the previous manufacturing process, 
and providing the updated stress and distortion 
information of the material to a subsequent 
manufacturing process, 

20 In another aspect of the present invention a 

method for providing a process model for a material in 
a thermal cutting process is disclosed. The method 
includes the steps of receiving stress and distortion 
information of the material from a previous . ( 

25 manufacturing process, detenriining updated stress and 
distortion information of the material from a process 
model for the thermal cutting process, the updated 
stress and distortion information being a function of 
the stresses and distortions caused by the thermal 

30 cutting process and the stresses and distortions from 
the previous manufacturing process, and providing the 
updated stress and distortion information of the 
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material to a subsequent manufacturing process. 

In yet another aspect of the present 



invention a method for providing a process model for a 
material in a welding process is disclosed. The 
5 method includes the steps of receiving stress and 

distortion information of the material from a previous 
manufacturing process, determining updated stress and 
distortion information of the material from a process 
model for the welding process, the updated stress and 

10 distortion information being a function of the 

stresses and distortions caused by the welding process 
and the stresses and distortions from the previous 
manufacturing process, and providing the updated 
stress and distortion information of the material to a 

15 subsequent manufacturing process • 

Brief Description of the Drawings 

Fig. 1 is a diagrammatic illustration of a 
set of manufacturing process simulations; 
20 Fig. 2 is a block diagram illustrating an 

embodiment of the present invention; 

Fig. 3 is a flow diagram illustrating an 
aspect of the present invention; 

Fig. 4 is a flow diagram illustrating 
25 another aspect of the present invention; 

Fig. 5 is a flow diagram illustrating a 
preferred embodiment of the aspect of Fig. 4; and 

Fig. 6 is a flow diagram illustrating yet 
another aspect of the present invention. 
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Best Mode for Carrying Out the Invention 

The present invention is a method for 



providing a process model for a material in a 
manufacturing process. In the preferred embodiment/ 

5 the process model incorporates information from 
upstream processes, i.e., previous manufacturing 
processes, and provides information to downstream 
processes, i.e., siibsequent manufacturing processes. 
Although the present invention is described below with 

10 reference to certain embodiments, it is understood 
that other embodiments may be used in the present 
invention without deviating from the spirit and scope 
of the invention. 



15 particular reference to Fig. 1, an embodiment of a 
typical manufacturing process 100 is shown. For 
purposes of explanation, the manufacturing process 100 
involves the processing of a metallic material, such 
as steel or iron, to manufacture a finished product. 

20 As shown in Fig. 1, each process is simulated in a 

model. Each simulation is used to determine stresses 
and distortions placed on the material by the process 
involved. Typically, the stresses and distortions are 
caused by the application of thermal processes, such 

25 as thermal cutting and welding. However, other causes' 
of stresses and distortions may also be simulated, 
such as bending and machining of the material . In 
addition, stresses auid distortions may result in 
changes in dimensions of the material and changes in 

30 other properties of the material, such as tensile 
properties, hardness, microstructure, surface 
conditions, and the like. 



Referring to the drawings, and with 
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A Steel processing simulation 102 models the 
effects of steel processing operations, such as hot 
rolling of the steel. Hot rolling of steel involves 
putting steel plate through heated rollers to flatten 
5 the plate. The process introduces stresses and 

distortions such as residual stresses caused by non- 
uniform thermal cooling of the plate surfaces, 
compressive stress, and tensile stress. 

The rolled steel plate may then be 

10 transported to a storage area. Additional stresses 

and distortions may be placed on the material, and are 
determined by a material handling and storage 
simulation 104. The stresses and distortions are 
typically caused by the weight of the materials, and 

15 by handling techniques. 

It is common for steel to have a layer of 
oxidized material on the surface, i.e., rust. 
Therefore, an integral part of the manufacturing 
process is a procedure, knovm as shot blasting, to 

20 remove the layer of oxidation. Shot blasting involves 
directing a high pressure stream of fine metallic 
particles against the surface of the material to 
remove the oxidation. The process further causes 
stresses and distortions of the material, which are 

25 determined, as shown in Fig. 1, by a shot blasting 
simulation 106. 

The material usually must be cut into 
smaller sized portions as part of the manufacturing 
process. One common way to cut the material is by 

30 thermal cutting, e.g., using oxyfuel, plasma, or 

laser. The thermal cutting process, although commonly 
used, is a major cause of thermal stresses ^d 



wo 01/29630 PCT/USOO/25959 



distortions of the material . A thermal cutting 
simulation 108 is used to determine the extent of the 
thermal stresses and distortions caused by the thermal 
cutting process. The thermal cutting process is 
5 described in more detail below. 

A bending simulation 110 is used to 
determine stresses and distortions caused by bending 
the material into desired shapes. Bending of the 
material causes unequal stretching and compression of 
10 the material at and around the bend locations. 

Another substantial cause of thermal 
stresses and distortions is caused by welding of the 
material during one or more welding processes. A 
welding simulation 112 is used to determine the 

K 

15 thermal stresses and distortions which occur, such as 
residual stresses and weakening of the material 
structure . 

The material is typically machined; that is, 
the material undergoes additional cutting, shaping, 

20 grinding, polishing, and the like, to become a 
finished product. These machining processes 
contribute to additional stresses and distortions on 
the material. A machining simulation 114 is used to 
determine the extent of these additional stresses and 

25 distortions. 

The processes shown in Fig. 1 and described 
above are representative examples of typical 
manufacturing processes during the development of a 
finished product. Other types of processes may be 

30 used which would cause additional stresses and 

distortions, and which could be monitored by the use 
of additional simulations. Furthermore, not all of 
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the processes shown in Fig. 1 are necessary. In 
addition, some processes may be performed more than 
once and may be performed at different locations than 
those shown in the sequence of Fig. 1. 
5 It is inportant to note that the stresses 

and distortions caused by each process are not 
isolated, but rather are carried over from one process 
to the next, and affect each subsequent process in the 
manufacturing chain of events. For example, the 
10 stresses and distortions caused by steel processing, 
material handling and storage, and shot blasting have 
an effect on the material during the thermal cutting 
process. Therefore, the thermal cutting simulation 
108, for improved accuracy, should account for the 
15 stresses and distortions of previous manufacturing 

processes in addition to the stresses and distortions 
introduced during thermal cutting. 

Referring to Fig. 2, a block diagram of a 
thermal cutting operation 208 and the modeling of 
20 stresses and distortions is shown. Typical upstream 
operations 202, exemplified by a steel rolling 
operation 2 04 and a shot blasting operation 2 06 are 
shown. The upstream operations 202 are defined as any 
operations which occur in previous manufacturing 
25 processes. Simulation models from the upstream 

operations 202 provide information such as residual 
stress data 210 and deformation mapping data 212 to 
the thermal cutting operation 208. 

A thermal stress model 214 provides thermal 
30 stress data of the thermal cutting operation. Thermal 
cutting models which simulate thermal stress have been 
used for some time and are well known in th^ art. For 



wo 01/29630 PCT/USOD/25959 



exanple, finite element analysis is often used to 
model thermal stress on a material. Thermal cutting 
simulation data 216 provides additional information 
relevant to the effects which the thermal cut has on 

5 the material, e.g., distortions, weakening of the 

material, changes in dimensions of the material, and 
changes in material properties. For example, thermal 
cutting simulation data 216 may be obtained from 
analytical procedures, as opposed to a finite element 

10 analysis of thermal stress . 

In addition, a set of thermal material laws 
218 may be used to obtain more accurate simulation of 
the thermal cutting process during the period of time 

15 in which the material has heated to a transition stage 
between solid and liquid. Characteristics such as 
annealing of the material is modeled • 

All of the above sources of information and 
data are delivered to a thermal cutting model 220 to 

20 determine stresses and distortions as a function of 
the thermal cutting operation 208 as well as upstream 
operations 202. 

Information from the thermal cutting model 
220 is provided to downstream operations 222, i.e., 

25 subsequent manufacturing processes. Examples of 
downstream operations 222 to the thermal cutting 
operation 208 include, but are not limited to, welding 
operations 224, and bending operations 226. The 
downstream operations 222 may then use the information 

30 obtained from the thermal cutting model 220 to 

determine, by the use of additional models, further 
stresses and distortions of the material. 
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Referring to Fig. 3, a flow diagram 
illustrating one aspect of the present invention is 
shown. 

In a first control block 302, stress and 
5 distortion information from one or more previous 
manufacturing processes, i.e., upstream operations 
202, is received. 

In a second control block 3 04, updated 
stress and distortion information of the material is 
10 determined. Preferably, the updated stress and 

distortion information is determined from a process 
model for the present manufacturing process. The 
updated stress and distortion information is a 
function of the stresses and distortions caused by the 
15 present manufacturing process and the stresses and 

distortions from the previous manufacturing processes. 

In a third control block 306, the updated 
stress and distortion information of the material is 
provided to subsequent manufacturing processes, i.e., 
20 downstream operations. In the preferred embodiment, 
the downstream operations would repeat the above 
steps, each downstream operation having a process 
model for the operation. 

Referring to Fig. 4, a flow diagram 
25 illustrating another aspect of the present invention 
is shown. 

In a first control block 402, stress and 
distortion infoirmation from one or more previous 
manufacturing processes, i.e., upstream operations 
30 202, is received. The present manufacturing process 
depicted in Fig. 4 is a thermal cutting operation 208. 
Therefore, a previous manufacturing process^ may be one 
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of a steel rolling operation 204, a shot blasting 
operation 206, a material handling and storage 
operation, and the like. 

In a second control block 404, updated 
5 stress and distortion information of the material is 
determined from the thermal cutting model 220. In the 
preferred embodiment, the updated stress and 
distortion information is determined as a function of 
the stresses and distortions caused by the thermal 

10 cutting operation 208 and the stresses and distortions 
from the previous manufacturing processes. 

In a third control block 4 06, the updated 
stress and distortion information of the material is 
provided to subsequent manufacturing processes, e.g., 

15 welding operations 224, bending operations 226, and 
the like. 

Referring to Fig. 5, a flow diagram 
illustrating a preferred embodiment of the process of 
determining the updated stress and distortion 
20 information from the thermal cutting operation 208 is 
shown. The flow diagram of Fig. 5 is described with 
reference to Fig. 2, 

In a first control block 502, residual 
stress data 210 is received from upstream operations 
25 2 02. 

In a second control block 504, map 
deformation data 212 is received from upstream 
operations 202 and the deformations from the upstream 
operations 202 are mapped onto a grid of the material, 
30 preferably a finite element grid suitable for 
performing a finite element analysis of the 
deformations . 



• 
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In a third control block 506, a thermal 



stress model 214 of the thermal stresses caused by- 
thermal cutting of the material is created. In 
addition, stresses and distortions caused by the 
5 thermal cutting process are modeled in a thermal 
cutting simulation 216. 



thermal material laws 218 are incorporated. Thermal 
material laws 218 include user defined parameters of 

10 the material during the transition stage between a 
solid state and a liquid state during heating of the 
material. For example, annegiling of the material may 
be cause for thermal material laws 218 which differ 
from normal laws under normal thermal conditions. 

15 In a fifth control block 510, the thermal 

cutting model 220 of the stresses and distortions of 
the material is determined as a function of the above 
steps . 



20 another aspect of the present invention is shown. The 
flow diagram of Fig. 6 illustrates the particular 
situation of a welding process as the present 
manufacturing process being performed. 



25 distortion information from one or more previous 
manufacturing processes, i.e., upstream operations 
202, is received. A previous manufacturing process 
may be one of a thermal cutting operation 208, a 
bending operation 226, and the like. 

30 In a second control block 604, updated 

stress and distortion information of the material is 
determined from a welding model (not shown) ✓ In the 



In a fourth control block 508, a set of 



Referring to Fig. 6, a flow diagram of yet 



In a first control block 602, stress and 
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preferred embodiment, the updated stress and 
distortion information is determined as a function of 
the stresses and distortions caused by the welding 
operation 224 and the stresses and distortions from 
5 the previous manufacturing processes . 

In a third control block 606, the updated 
stress and distortion information of the material is 
provided to subsequent manufacturing processes, e.g., 
machining operations, and the like. 

10 

Industrial Applicability 

As an example of an application of the 
present invention, manufacturing processes, e.g., 
processes which involve the manufacture of products 

15 made from steel, often involve thermal operations. 
These thermal operations affect the steel by 
introducing stresses and distortions, which adversely 
affect the original properties of the steel . It is 
important to be able to determine the extent of the 

20 stresses and distortions introduced, and responsively 
develop methods to minimize the adverse effects of the 
thermal processes on the steel . 

One common method to determine stresses and 
distortions is by simulating the thermal processes in 

25 models. However, typical thermal process models do 
not take into account the stresses and distortions 
introduced by upstream processes. Therefore, the 
accuracy of the information obtained from these models 
is reduced. The present invention overcomes this by 

30 incorporating determined stresses and distortions from 
upstream processes, and providing updated stress and 
distortion information to downstream processes. The 
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present method allows the determination of the 
i stresses and distortions introduced to the material as 

a result of the complete manufacturing process* 

Other aspects, objects, and features of the 
5 present invention can be obtained from a study of the 
drawings, the disclosure, and the appended claims. 
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Claims 

I" 

1. A method for providing a process model 
for a material in a manufacturing process (100) , 

5 including the steps of : 

receiving stress and distortion information 
of the material from a previous manufacturing process; 

determining updated stress and distortion 
information of the material from a process model for K 
10 the present manufacturing process (100) , the updated 
stress and distortion information being a function of 
the stresses and distortions caused by the present 
manufacturing process and the stresses and distortions 
from the previous manufacturing process; and 
15 providing the updated stress and distortion 

information of the material to a subsequent i 
manufacturing process (100) . 

2. A method, as set forth in claim 1, 

20 wherein the process model is a thermal process model. 

3. A method, as set forth in claim 2, 
wherein the stresses and distortions are thermal 
stresses and distortions. 

25 

4. A method, as set forth in claim 3, 
wherein the stresses and distortions include changes 
in dimensions of the material. 



30 



5. A method, as set forth in claim 3, 
wherein the stresses and distortions include changes 
in properties of the material. 
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6. A method, as set forth in claim 3, 
wherein the material is a metal being processed by 
thermal processes. 

5 

7. A method, as set forth in claim 6, 
wherein the thermal process is one of a thermal 
cutting (208) and welding process (224) . 

10 8. A method for providing a process model 

for a material in a thermal cutting process, including 
the steps of : ^ 
') receiving stress and distortion information 

of the material from a previous manufacturing process; 

15 deteirmining updated stress and distortion 

information of the material from a process model for 
the thermal cutting process, the updated stress and 
distortion information being a function of the 
stresses and distortions caused by the thermal cutting 

20 process and the stresses and distortions from the 
previous manufacturing process; and 

providing the updated stress and distortion 
information of the material to a siibsequent 
manufacturing process (100) . 

25 

9. A method, as set forth in claim 8, 
wherein the material is a metal being cut by the 
thermal cutting process. 

30 10. A method, as set forth in claim 9, 

werein the previous manufacturing process is one of a 
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steel rolling process (204) and a shot blasting 
process (224) . 

11. A method, as set forth in claim 9, 
5 wherein the subsequent manufacturing process is one of 
a bending process (226) and a welding process (224) . 

12- A method, as set forth in claim 8, 
wherein determining the updated stress and distortion 
10 information includes the steps of : 

receiving residual stress information from 
the previous manufacturing process; 

mapping deformations of the material from 
the stress and distortion information received from 
15 the previous manufacturing process ; 

modeling the thermal stresses caused by 
thermal cutting (208) of the material; 

incorporating a set of thermal material laws 
(218) of the material, the thearmal material laws (218) 
20 defining properties of the material in a transition ^; 
state from solid to liquid; and 

determining a thermal cutting model (22 0) of 
the stresses and distortions of the material as a 
fiinction of the above steps. 

25 

13. A method for providing a process model 
for a material in a welding process (224) , including 
the steps of : 

receiving stress and distortion information 
30 of the material from a previous manufacturing process; 

determining updated stress and distortion 
information of the material from a process model for 
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the welding process (224) , the updated stress and 
distortion information being a function of the 
stresses and distortions caused by the welding process 
(224) and the stresses and distortions from the 
5 previous manufacturing process; and 



wherein the material is a metal being welded by the 
welding process (224) . ^, 

15. A method, as set forth in claim 14, 

15 wherein the previous manufacturing process is one of a 
thermal cutting process (208) and a bending process 
(226) , 

16. A method, as set forth in claim 14, 
20 wherein the subsequent manufacturing process is a 

machining process . 



providing the updated stress and distortion 
information of the material to a subsequent 
manufacturing process (100) . 



10 



14. A method, as set forth in claim 13, 
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START 




302 



RECEIVE STRESS AND DISTORTION INFORMATION OF 
MATERIAL FROM PREVIOUS MANUFACTURING PROCESS 



I 



304 



DETERMINE UPDATED STRESS AND DISTORTION INFORMATION 
OF MATERIAL FROM PROCESS MODEL FOR PRESENT 
MANUFACTURING PROCESS 



306 



PROVIDE UPDATED STRESS AND DISTORTION INFORMATION OF 
MATERIAL TO SUBSEQUENT MANUFACTURING PROCESS 




STOP 
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RECEIVE STRESS AND DISTORTION INFORMATION OF 
MATERIAL FROM PREVIOUS MANUFACTURING PROCESS 



DETERMINE UPDATED STRESS AND DISTORTION INFORMATION 
OF MATERIAL FROM PROCESS MODEL FOR THERMAL CUTTING 

PROCESS 



PROVIDE UPDATED STRESS AND DISTORTION INFORMATION OF 
MATERIAL TO SUBSEQUENT MANUFACTURING PROCESS 
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START 




I 



502 



RECEIVE RESIDUAL STRESS INFORMATION FROM PREVIOUS 
MANUFACTURING PROCESS 



504 



MAP DEFORMATIONS OF MATERIAL FROM STRESS AND 
DISTORTION INFORMATION FROM PREVIOUS MANUFACTURING 

PROCESS 



506 



MODEL THERMAL STRESSES CAUSED BY THERMAL CUTTING OF 

MATERIAL 



508 



INCORPORATE THERMAL MATERIAL LAWS OF MATERIAL 



1 



510 



DETERMINE THERMAL CUTTING MODEL OF STRESSES AND 
DISTORTIONS OF MATERIAL AS FUNCTION OF ABOVE STEPS 
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RECEIVE STRESS AND DISTORTION INFORMATION OF 
MATERIAL FROM PREVIOUS MANUFACTURING PROCESS 



1 
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DETERMINE UPDATED STRESS AND DISTORTION INFORMATION 
OF MATERIAL FROM PROCESS MODEL FOR WELDING PROCESS 



1 



606 



PROVIDE UPDATED STRESS AND DISTORTION INFORMATION OF 
MATERIAL TO SUBSEQUENT MANUFACTURING PROCESS 
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5^ P-TMSI Signature 



Figure 17: P-TMSI Signature Information Element 

7,7.10 MS Validated 

The MS Validated information element indicates whether the new SGSN has successfully authenticated the MS. 
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MS Validated 



Figure 18: MS Validated Information Element 



Table 41: MS Validated Values 



MS Validated 


Value 


No 


0 


Yes 


1 



7-7.11 Recovery 



The Recovery information element indicates if the peer GSN has restarted. The Restart Counter shall be the value 
described in the section Restoration and Recovery. 



Octets 
1 
2 



Bits 

5 4 



Type = 14 (Decimal) 
Restart counter 



Figure 19: Restart Counter Information Element 

7.7.12 Selection Mode 

The Selection mode information element indicates the origin of the APN in the message. 
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Figure 20: Selection Mode Information Element 



Table 42: Selection Mode Values 



Selection mode value 


Value (Dedmal) 


MS or network provided APN. subscribed verified 


0 


MS provided APN, subscription not verified 


1 


Network provided APN, subscription not verified 


2 


For future use. Shall not be sent. If received, shall be interpreted as the value '2'. 


3 



7.7.13 Tunnel Endpoint Identifier Data I 

The Tunnel Endpoint Identifier Data I information element contains the Tunnel Endpoint Identifier for data 
transmission requested by the receiver of the flow. 



Octets 
1 

2-5 



6 



Bits 
5 4 



Type= 16 (Decimal) 



Tunnel Endpoint Identifier Data I 



Figure 21: Tunnel Endpoint Identifier Data I Information Element 



7.7.14 Tunnel Endpoint Identifier Control Plane 

The Tunnel Endpoint Identifier Control Plane information element contains the Tunnel Endpoint Identifier for the 
control plane; it is assigned by the receiver of the flow. It distinguishes the tunnel firom other tunnels between the same 
pair of entities. 

If the receiver has not yet assigned a TEED for this tunnel, it shall assign an unused value to the TEID. 

If the receiver has already assigned a Tunnel Endpoint Identifier Control Plane to the tunnel, but has not yet received 
confinnation of successful assignment from the transmitter, this information element shall take the same value as was 
sent before for this tunnel. 

The receiver receives confirmation of successful assignment of its Tunnel Endpoint Identifier Control Plane fix>m the 
transmitter when it receives any message with its assigned Tunnel Endpoint Identifier Control Plane in the GTP header 
fi-om the transmitter. 

If the Tunnel Endpoint Identifier Control Plane is received fi-om the transmitter, this information element shall be 
stored. 
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